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We explore the possibility that all electroweak symmetry breaking (EWSB) comes from the strong 
dynamics of Technicolor while these are the only quarks which receive masses through Technicolor 
dynamics. We assume the leptons are not embedded in a representation of Extended Technigroup. In 
this paper we suggest a model where the leptons receive their masses through the loop corrections 
which includes at least one closed quark loop. For this purpose we introduce model based on 
private family 5(7(2) scalar two doublets which interact very weakly with the Standard Model(SM) 
fermions and which do not condense at tree level. Assuming quark/lepton universality of suggested 
Yukawa interactions the model becomes strongly predictive and we calculate mass contributions to 
the all known SM lepton gauge eigenstates. Up to not yet explored mixing, the model suggests 
that the lepton mass hierarchy comes from the quark mass hierarchy. Within a single universal 
£Sj ' Yukawa coupling the absolute values of masses for neutrino family eigenstates are calculated from 

31oops diagram. LHC observed 126 GeV scalar is interpreted as a Technisigma which is made from 
quarkophilic Techniquarks, which interaction with leptons is induced by quantum loops as well. 
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I. INTRODUCTION 



S: 

^P" 1 ! Up to an incoming new 126GeV LHC scalar, confirmed and well established part of the Standard model is presence 
Qh of the three fermion generations interacting with gauge fields. Four gauge vectors interact rather weakly with matter 
of families with couplings strengths gsu(2) — 9u Y —0.1 . At very low energies, the remaining eight gauge fields - the 
gluons- interact strongly, however with only half of family member- with quarks. Appropriate SU(3) gauge group 
coupling strength gQCD is about one hundred times stronger then previously two mentioned couplings of electroweak 
SU(2) * U(l) gauge group. Obviously, unnatural large difference between electroweak and QCD interaction strengths 
has not so much common with the observed quark and lepton mass hierarchies. 

According to observed heaviness, the SM leptons (with question mark for neutrinos) and quarks has been divided 
into the three families. For purpose introduced negative mass term of the Higgs field turns to be responsible for 
\ the electroweak symmetry breaking (EWSB) and for the fermion mass generation in the SM. Contrary to the gauge 
couplings, Higgs Yukawas are necessarily non-universal ranging their numerical values from y v ~ 10~ for neutrinos 
to yt — 1 for top quark. Thus in the SM, the problem of the mass hierarchy turns to be a problem of explanation 
of the Higgs Yukawa coupling hierarchy. There are many proposals to explain flavour hierarchy by using new physics 
_^ ' beyond SM, e.g. it tempting idea that the mixing and mass hierarchies of the fermions can emerge as a possible 
^ | consequence of suggested discrete horizontal symmetries [lHl] . 

As for good candidate for an explanation of the observed mass pattern, the attempts to calculate quark and lepton 
masses from the radiative corrections have long history [5l4llj|. I n chiral gauge theory in 4d, it is impossible to break 
chiral symmetry with pertubatively small coupling and without gauge symmetry breaking through the tree level 
condensations some scalar Higgs like boson. Therefore are two rather technical different ways which can solve the 
problem. 

The first assume pertubatively weak interactions beyond SM, however part of the mechanism remains SM like, it 
assumes that the top quark gains its mass at the tree level through the vev(s) of some Higgs boson(s). Then one get 





FIG. 1: The examples of fountain diagrams which contributes non-trivially to charge lepton masses, momentum labeling is 
shown explicitly. 
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chance to get SM sequential mass pattern arising due to the different number of loops (and new fields) contributing 
to fermion masses. For this purpose, highly experimentally constrained scalars with colors and with various lepton 
and baryon numbers (leptoquarks) have been introduced as necessary mediators in the multiloop mass diagrams. In 
this way the mass hierarchy is explained in framework of weakly interacting theories. 

The second way is to assume strong coupling interaction beyond the SM. Technicolor models (l2| - [T5| (or rather say an 
Extended Technicolor Models (ETC)) assume presence of such gauge dynamics, which provides the dynamical origin of 
EWSB and simultaneously generates (Techni)fermion masses through the mechanism quite similar to QCD. To avoid 
strong conflict with the experiment, the masses of SM fermions are generated more indirectly, which together with 
required correct value of M ZjW bosons needs to increase the sliding scale of the theory to be Atc — TeV (here Arc is 
the analogue of Aq C d ■ The SM Higgs condensate working at tree level turns to be techniquark condensate appearing 
in loop expression, the SM fundamental Higgs particle turns to be bound state resonance made of Techniquarks. It 
is worthwhile to mention here, such theory is ultraviolet complete (it is free of quadratic divergences) and can lead to 
the observed quark mass ratios and mixing angles (l6| . 

In this paper we suggest and explore the possibility that the mass hierarchy of SM fermions can be a consequence 
of combination of the both above mentioned SM extensions. We assume that the strong coupling Technicolors is 
predominant in the quark sector, while the leptons are not embedded in ETC group representation, and the masses 
of leptons are generated through the perturbative radiative corrections. For this purpose we introduce two doublet 
-opposite Weak hypercharged- scalars for each generation separately. The neutral components of the doublets do not 
condense at tree level and we assume the bosons masses are positive and universal as well as all Yukawa couplings are 
completely universal (lepton, flavour, generation). For massless quarks, the smallness of Yukawa couplings protect 
masslessness of the leptons to all order of perturbation theory. Adding massive quarks into the game, the first 
nontrivial contribution stem from 31oop "fountain diagram" depicted in Fig.l and Fig2, where the quark triangle loop 
play the role of an effective trilinear boson vertices. Thus, in the presented model one can roughly say that the lepton 
mass hierarchy comes almost entirely from the hierarchy of quarks. Evaluating a multiloops diagrams we present 
simple rules for the ratio of lepton masses as a function of quark masses at Technicolor scale. 

In our model there is no fundamental Higgs presented in, therefore we did not identify LHC newly discovered scalar 
with SM Higgs boson. The LHC observation of 126 GeV boson and its decay rates h — > ZZ and h — > WW are fairly 
consistent with the SM prediction. From this, it is apparent that the largest amount of EWSB has something to do 
with new scalar boson at ATLAS [l8| and CMS [l7|- The diphoton branching ratio Br(/i — > 77) is about 1.5 times 
larger then the SM value while the branching ratio to leptonic pair decay Br(rr) , when confirmed with smaller error, 
is slightly smaller then the SM prediction. From beginning the deviations from the SM Higgs scenario attracts large 
attention of the community [T9N23I H^-fUl HI, HH with the large rate devoting to the existence of possibly new strong 
dynamics as an origin of the observed Higgs boson. At this point one should mention LHC 126 GeV boson is very 
likely scalar, which excludes possibility that LHC boson can be identified with pseudoscalar Techni(Top)pion. Clearly, 
Technicolor scenario survives for SU (2) gauge TC group, where al l lig ht modes are eaten by gauge boson longitudinal 
polarization. Thus LHC 126 GeV scalar is expected technisigma [3ll [32|. 



The paper is organized as follows: In the next Section we write down the Lagrangean of the Model. In the Section 
III. we mention some important properties of Green functions in Technicolor model. In the Section IV. we calculate 
the dominant contributions to neutrino masses. A more rough estimate is presented for SM charged leptons in the 
Chapter V. We discuss and conclude in the Section VI. 



The main aim of our model is a natural explanation of lepton mass hierarchy within a minimal introduction of a 
new complicated field content and couplings. We avoid sec-saw mechanism and we do not introduce large mass scale 
through the Majorana neutrinos, we also avoid Higgs triplet which can be used for mass generation as well. Instead of, 
in addition to two already existed SM fermion doublets, we introduce two new private (separate for each generation) 




u 




FIG. 2: An example of fountain diagram responsible for neutrino mass generation. 



II. PRIVATE LEPTON-QUARK FOUR DOUBLETS MODEL 
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scalar EW doublets N, S with SM group assignment (2, +1/2) and (2,-1/2). Thus the SM is extended by six new 
doublets. While general Yukawa coupling can lead to chiral (and parity violating) interaction we wish to finish with 
physical spectrum with neutral and charged scalar and pseudoscalar Yukawa interactions only. Flavour changing 
neutral current are avoided by the absence of intergeneration mixing (in all generation subscctors). Their Yukawas 
are universal for the quarks and the leptons and its numerical value is identical for the all three generations, the 
coupling strength is relatively small a y = ~ 10~ 3 — 1CT 4 and scalar self-interaction of introduced field content is 
constrained further by a discrete symmetry. As we will see the smallncss of neutrino masses is ensured by degeneracy 
between scalars and pseudoscalars. 

In addition to the original SM we also add right neutrino singlets. As we have mentioned we assume that quarks 
receive their masses through ETC interaction, which we do not specify in details, noting that it must breaks finally 
to the Technicolor subgroup and SM , thus required symmetry is SUtc(2) * SU W {2) * E/y(l) at the scale ~ 10 
TeV. Further we assume the interaction of (SM doublets) TCquarks is entirely responsible for electroweak symmetry 
breaking (up to known tiny QCD effect). Leptons are not embedded into any representation of ETC group, therefore 
they communicate with TC sector only very indirectly. Consequently they receive their masses through the quark 
loop due to the presence of scalar doublets. For both -charged leptons and neutrinos as well- it happens firstly at three 
loop level. Furthermore, if one assumes the forth generation of quarks are also Techniquarks then one can predict the 
masses of the forth generation leptons. 

The effective theory leading to the above mentioned scenario is based on the following Lagrangean 

L = LsM-Higgs + LtC + L$+Y 

C s +Y = L e + + L T + ... (2.1) 

where LsM-Higgs is the Standard Model Lagrangean without Higgs; Ltc denotes TC Lagrangean and the rest 
represents Lagrangean of 2N = n,f (N = 3 for SM) scalar doublets weakly coupled to all SM fermions through 
the universal Yukawa interaction. We have labeled intragenerational interaction by its charge lepton content, i.e. 
contains its own private scalar doublets N^, and three dots stands for possible forth generation. Using two complex 
doublets 




then the gauge symmetry allows to write down general form of the electron private part of the Lagrangean in the 
form 



C e = D^NtD tl N e + D^StD tl S e M 2 NlN e ~M 2 StS e ^^-{NlN e ) 2 

- ^ (NtN e f ^ (StS e ) 2 X NSl (N$N e ) (StS e ) X NS2 (JV+S e ) (SlN e ) 

- y v {E L v e R + U L u R )N e + y e {E L e R + U L d R )S e + h.c 

- Vo{E L v eR + U L u R )S e + ye{E L e R + U L d R )N e + h.c 

(2.3) 

with SM antifermion left doublets £i,(e, P e ).L, £Zl — {u,3)l and fcrmion right singlets e R ,v eR ,u Rl d R , as usually 
SN = ia 2 N c . 

In the proposed model the physical mass is just selfenergy evaluated at the same scale. There is no bare mass in 
the Lagrangean and the mass renormalization must be finite if necessary at all. Nevertheless, at low energy the model 
must be equivalent to the SM with the known fermion mass pattern. Also, there is no place for parity violation in 
QCD and QED dominated processes, (i.e. without intermediate Z, W bosons). For instance, as we do not see parity 
violation in Compton scattering, the intermediate fermion propagator cannot involve a large non-standard factors. 
Recall here that the general form of the radiative corrections to the fermion selfenergy reads in momentum space 
S =/p{P L a 1 (p 2 ) + P R a 2 {p 2 )) + liPLb^p 2 ) + P R b 2 (p 2 )), where P LjR = 1/2(1 =p 7s ). In order to have meaningful 
definition of the lepton masses on should keep R-L symmetry of the lepton selfenergies with high accuracy. To achieve 
this Yukawa couplings should be further constrained. For this purpose we put 

Ve = Vu ; Ve = Vv (2.4) 

and for the purpose of universality we also take y e = —y v . Further we take S^ ew = iS + requiring that the non Yukawa 
part is invariant under this discrete symmetry (so Xns 2 — 0). Doing so explicitly all Yukawas can be collected into 
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the two terms of scalar charged an neutral current 

£(c.c.Y) = ~y {peN + + euN~ + ie"f$vS~ + Dj^eS + ) 

£(n.c.Y) = -V [ee(s R + n R ) + vv{s R - n R ) + iej 5 e(si - raj) - i>j 5 v{si + rij)) , (2.5) 

where indices R, I label the real and imaginary parts of the doublets neutral components. Similar can be written for 
quarks. 

Further we conventionally introduce electrically neutral scalars and pseudoscalars through the linear combination 
of S and N components as 

sr — ~(S e + S v ) ; n R = -{S e - S v ) 

si = ^{V e -V v );n I = hVe+V v ) (2.6) 
Thus the final form of our Lagrangean can be written as following 



+ 2N+N-) +V self {P 2 ,S 2 ) 



(2.7) 

where the scalar potential V se if, which does not include Aats 2 , is not shown for brevity. 

We did not specify origin of the scalars here, in principle the scalar fields can be fundamental or composite as 
well. In the later case a various components can be identified with degenerate technipions and technisigmas and 
Lagrangian (|2.3p could represent an effective low energy theory presumably valid up to the scale Atc- Clearly the 
universal Yukawas would not be a good choice in this case, since the leptons are ETC singlets and the model requires 
some reconsideration. More interestingly, in the case the scalars are fundamental ones, then the model represent low 
energy effective which is UV complete by physics above Technicolor scale. On of the possibilities is supersymmetry 
Technicolor as suggested for instance in |35l . [3q (see also [33| . We do not pursue UV completion furthermore in this 
paper, we assume it exits and therefore the scalar doublets can be related with the Technicolor scale. Due to this 
reason we also take the mass of the scalar doublets M = Atc(— Msusy)- 

From the non-diagonal entries of SM Cabibo-Kobayashi-Maiani matrix and from the neutrino oscillation experiments 
we know that fermions mix among families. First let us mentioned that while the values of quark masses dictates 
the values of the leptons it is not the case of mixing. The quarks enter always in the isolated closed loops and at 
the presented level the mixing of quarks do not affect the mixing of leptons. Recall also here, that the private Higgs 
model has been already used in order to explain mixing and mass hierarchy in the SM |l|-|4j . As the dynamics is 
completely different in presented model, e.g. our scalars do not condense at tree level, an inclusion of the mixing 
requires complicated calculation of the off-diagonal flavour entries and we leave this aim for a future investigation. 



M 



(S 2 +S 2 +V 2 + P 2 + 2S+S- 



y (veN + + evN + iej^vS + v^§eS + } 
y (eeS e + DuS v ) + ierf^eVe — iv^vTv) 
y (udN + + duN~ + idrf$uS~ + D^5eS + ) 
y (ddS e + uuS v ) + idjsdVe — ivrf^uVu) , 



III. TECHNICOLOR INPUT 



Without a detailed specification of an ETC model we shall mention a crucial points, which are quite general 
consequences of EWSB and chiral symmetry breaking in an ETC model. The current quark mass (i.e the mass when 
QCD is switched off) appears due to the interaction of SM quarks with Techniquarks at one loop level. In principle 
one can estimate m q from the one loop gap equation (in Euclidean space): 

/ \ Tr 2 f dH M Q (p-l) r <^n2\ , Q -n 

m q (p) = - 9E C E J —^ —p- J£S ^ v & B (I ) , (3.1) 

where g E is ETC coupling, C E is the ETC group Casimir, Mq is the techniquark dynamical mass and G E V is ETC 
boson propagator with ETC mass M E tc larger then Technicolor scale. The Techniquarks receive their masses through 
the mechanism quite similar to QCD, thus for Techniquark masses one has 

M Q ( P ) ~ A TC for P 2 ~ A 2 TC (3.2) 
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valid approximately bellow Atc due to the walking character of supercritical Technicolor coupling grc- Above Atc 
the dynamical mass is fast decreasing function of the momentum p 2 : 

M Q (p)~^ forp 2 ~A 2 TC (3.3) 

Any process which is proportional to fermion masses is softened in UV limit, since for current quark mass one can 
estimate 

"^'^ B c ^7' for >y A ' (3 - 4) 

where the scale A is identical with Atc for Metc — Atc- However, following the original assumptions the Technicolor 
scale can be arbitrarily smaller then ETC scale. In this case, the integrand in (|3.1[) depends on two scales and 
ultraviolet suppression of the quark mass function is sequential. Due to this reasons we will simplify and will use one 
regularization scale, assuming its numerical values must lie somewhere in between Technicolor scale Atc and ETC 
scale Metc- 

Anyway, Techniquark mass scale characterizes chirality mixing for techniquarks. As Techniquarks couple minimally 
to the gauge bosons W, Z, 7 , three massless technipions are eaten by the longitudinal polarization of W, Z, which 
gives rise W, Z bosons masses (without the presence of SM corrections) . While the properties of Z, W bosons are 
well known up to the elcctrowcak scale and are subjects of clcctrowcak precision test, a little is known about the 
boson propagations at TC scale. Similarly to SM model, the scattering of low energy longitudinally polarized W and 
Z bosons is equivalent to the scattering of the Goldsteone bosons- technipions in TCD. Like in QCD, the effective 
low energy theory can be described by Chiral Perturbation Theory, which together with the electroweak oblique 



corrections, give us rather stringent constrains on the parameter space of TCD [37] . Not too far above Atc scale an 
effective low energy models fail and one should go back into the original microscopical description with the complete 
decrease of freedom of entire theory. For an example of such nonperturbative setup in the strong coupling model see 
for instance [38[ . While the numerical solution of high energy behavior of gauge boson greens functions is not known, 
one can make rough estimate only. From the assumption that SU(2) x U(l) symmetry should be restored above TC 
scale it follows that the gauge boson propagators should be described by their unbroken limits. In covariant Feynman 
gauge they read 



- - V ( 3 - 5 ) 



p 

valid for q 2 >> A TC , in contrast to low energy broken symmetry propagator forms which are 

Vy-Vu 



G%w<P) ' ^ — 



P 2 -M 2 w + ie p 2 -M 2 w +ie 



G*"(p) ~ - 9 — (3.6) 

presumably valid bellow the Technicolor scale. Recall the difference to the SM treatment, where the quantization 
in the sort of renormalizable gauges avoid large correction from longitudinal polarizations, here the appearance of 
M is due to the nonperturbative dynamics which mimic vev. of fundamental Higgs in the infrared. However in the 
Technicolor scenario, the polarization functions of all SM gauge bosons must be proportional to p 2 at large Euclidean 
momenta (the overall prefactor, not shown here, can be absorbed into the usual running of the gauge couplings). 

The asymptotic of SM Green's functions has a strong influence on ultraviolet property of loop diagrams including 
the internal lines with quarks and gauge bosons. Let us recall the full quark propagator 

S(p) = [A(p) £> + B{p)]- 1 (3.7) 

, where the dynamical mass defined as a ratio of two scalars M = B/A behaves approximately as 

m q (p) = Consti ]Aq CD « p 2 < A 2 , 

Const 2 * 2 a 2 /o on 

m q (p) - 2 — ;p 2 »A 2 , (3.8 

p £ 
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where the running of m q at 1 GeV scale is further enhanced by QCD, leading to the additional grow of dynamical 
quark mass function to the constituent quark values. 

To summarize Technicolor outcomes which are important for us: there exists a scale A above which SU(2) W x U (l)y 
symmetry is restored. The SM quarks become massless and the longitudinal pieces of gauge boson propagators go away 
above this scale. This a multiscale problem due to sequential breaking of gauge symmetries Metc > ATC > M w . 
Due to the Technicolor dynamics, Greens functions are UV "softened" when compared to the SM, which should be 
considered in various cases. The one of the most striking example is multiloop calculation of the lepton mass matrix, 
which will be presented in next Section. 

We will deliberately use single Technicolor scale A =< Atc: Metc > as a common regularization scale in the cases 
we will deal with diagram involving Z boson, and whenever the contribution will be proportional to the quark mass. 
Note, there are vertices or rather say "pieces of vertices" which are not regularized due to the Technicolor induced 
dynamics, e.g. gauge couplings, the function A in Eq. (J3T7J) , etc. these, if needed, can be renormalized. However, 
no lepton mass renormalization is allowed as the mass terms do not appear at classical Lagrangean as well. 



IV. NEUTRINOS MASS GENERATION 



Evaluation of the neutrino masses appears to be easier as the details do not depend so much on the Technicolor 
dynamics. Actually , there are no graphs with vector bosons contributing at the lowest order of perturbation theory, 
which is also the main reason of smallness of neutrino masses. 

As we will deal with graphs which includes only weak couplings at the vertices, we will use perturbation theory, 
regularized at the scale A. The smallness of the coupling causes A = 1 + 6 A; 6 A << 1 , which should be certainly 
valid up to the Technicolor scale. In this paper we will neglect changes in renormalization wave functions Z = A^ 1 
and we always take A = 1 . It allows to extract contribution to the fermion mass from the selfenergy function 

Tr 

5m = — S . (4.1) 
4 

Following the discussion in the Section 2, we also require that the full propagator, which generally reads 

S(p) = ^-E(p) 

= [A(p) + B(p) + C(p) fry 5 + Dip)^}- 1 , (4.2) 

has negligible scalar function C and D (in a sense C << 1 and D << B). The mass function m and physical on-shell 
mass m p are related as usually 

m(p) = B(p)/A(p) 
m(m p ) = m p , (4.3) 

where in the second line, a real part of m is understood for unstable muon and tau. 

The fountain diagram represent the first nontrivial contribution to the neutrino mass, however it is useful to mention 
lower order cancellation explicitly. The one loop contribution to the neutrino mass reads 



6^m„ = ^(hA 
V 2 (, A 

+ 7T^7 m e hi 47 

87T 2 V M s 

Thus for classically massless fermions the one loop triviality is ensured twice, firstly it is due to the degeneration 
of spinless parity partners ^f- — 1 (for the four scalars s — S e ^,N^ and for the four pseudoscalars p = V e . v , 5 ,± ), 
secondly the mass correction is proportional to the mass itself, so it is zero in chiral limit. Recall, the later is valid 
even nonperturbatively and the masslessness is preserved up to the critical coupling y 2 ~ Air 2 |39j . 

Playing few minutes with two loop Feynman diagrams one can show that the cancellation persists two loops level as 
well. Actually the first nontrivial contribution is given by the sum of fountain type diagram shown in Fig. 2. The sum 
is given by the all combinations of heavy scalar and pseudoscalar exchanges at the internal lines. Thank to the traces, 
there are only sixteen gives nontrivial contributions, those with two 175 matrices on each individual fermion lines. 
Each of pseudoscalar (scalar) vertex on the lepton straight line must connect pseudoscalar (scalar) vertex at quark 



In- 



- In- 



A_ 

M~ p 
A 

m 



(4.4) 
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triangle. The others fountains give trivial contribution to the neutrino mass. Thus the whole three loops contribution 
can be formally written as 

8m Ve — 8m t/e (e,e;u,d,d) + Sm Va (e,i';u,d,u) 

+ 8m Ve {v,v\u,u,u) + 8m v ^{v,e\u,u,d) ; (4-5) 

where the notation corresponds with the labeling of fcrmion internal lines in each fountain diagram. Boson lines were 
implicit here, writing them explicitly we can get for the first term in the rhs. of Eq. 14.51 

8m Ve (e, e; u, d, d) = 8m Ve (e,e;u,d,d;s,s,s) + 8m v<t {e,e;u,d,d;p,p,s) 

+ 8m Ve (e,e;u,d,d;s,p,p) +8m Ve (e,e;u,d,d;p,s,p) (4-6) 

where p or s means pseudoscalar or scalar with uniquely defined charges for a given internal lepton lines content 
(similar can be written for the remaining three terms). We assume the diagram contribution varies slowly with the 
square of momentum, thus it is fully legitimate to approximate the physical mass by its infrared value evaluated at 
p = 0. 

Lets us write explicitly contribution for the one specific fountain diagram 
8m Ve (e, e; u, d, d; s, s, s) — 

, 6 . f d A k x . f d A k 2 . f dH G(k 1 )G{k 2 )G(k 1 + k 2 ) 

(-1) y i 



(2tt) 4 J (2tt) 4 J (2tt) 4 (Z 2 -ml + is){{l + k 2 ) 2 - m 2 + is)((l - h) 2 -mj + ie) 
Tr(/+ fa + m d )(J + m«)(/- fa + m d ) 



+ Tr(- /+ fa + m d )(- /+m,)(- /- fa + m d ) ±L , "Z,< , _ I 2 7,, , \ ^) 



4 k\ — m 2 + is k 2 — m 2 

Tr fa + m e fa + m e 
4 k 2 — m 2 + is k\ — m 2 + is 

where G(q) is the propagator of spinless heavy boson G(q)^ 1 = q 2 — M 2 +is and where the second Traces over the lepton 
Dirac matrices are due to the projection (|4.ip . For completeness we mention boson content (s,s,s) = (N ± ,S,N ± ) 
(from the right to the left in the fountain diagram). 

We do not write all fountain diagrams explicitly as they uniquely follow from our notation, noting that there are 
always none or two 75 insertions in the lepton line and corresponding with the same in the quark line as we are dealing 
with well parity defined bosons. The example reads 

8m Ve (e,e;u,d, d; p, p, s) = 

f_-n 6 • f <Z%_ . f d^fa_ . f dH G(ki)G{k 2 )G(kx + k 2 



2tt) 4 V (27r) 4 "7 (2tt) 4 (I 2 - m 2 u + is)((l + k 2 ) 2 - m 2 + is)((l - h) 2 ~m 2 +is) 

rp { j 1 r . \ ( y \ \( y 1, 1 \ Tr fa+m e fa + m e 

Tn 5 {/+ fa + m d )7 5 (/+ m u ){/- fa + m d ) —75-, 5-7—75- 



ki — m 2 + is k 2 — m 2 -f is 

+ Trj 5 (- /+ fa +m rf )7 5 (- /+m tt )(- /- fa + m d ) — j 5 k 2 - m 2 + is- e , \ (4.8) 

4 7 5 k\ — + is ' 

with the the overall prefactor dictated by Feynman rules is identical z 2 i 2 = 1. 

After the trace evaluation one gets for the sum of all fountain diagrams the following expression: 



<5m„ = 32 < / D(udd) [m u m d m d m e m e + m u (l — k 2 ).(l + ki)ki-k 2 ] 
D(^)K^+m„(l- W f + fc>*..*»]] 

D(uud) \m\m e m Ve + m u (l - k 2 ).(l + ki)kifa] > , (4.9) 



where we denote various integral prefactor by the quark content of the triangle subgraph, explicitly written the 
definition of the measure reads 

T 



, , fi f d 4 h f d 4 k 2 f dH 

J D{udd)T = { ~ l)v l l wr l J wr l J wzw 

(4-10) 



(2^) 4 J (2^) 4 J (27^) 4 (fc 1 -m 2 + ^ £)(fc 2 -m 2 +^e) 
G{ki)G{k 2 )G{k i + h 2 ) 



{I 2 - m 2 + is) ((I + k 2 ) 2 - m 2 d + is)((l - fci) 2 -m 2 d + is) 
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From the result it is apparent that the massive quarks circulating in the triangle graph generates effective three boson 
vertex and in which respect the quark mass hierarchy gives rise the neutrinos mass hierarchy. 

We simplify at this stage: We neglect all small masses of leptons when they are compared against the large scale A, 
the masses of neutrinos are neglected completely (note, there are no potentially large infrared divergence since cutting 
any two lines of an isolated loop one never meets two massless particles). Furthermore, we use constant quark mass 
approximation. Nevertheless, one should keep in mind that what actually constitutes the numerical value of virtual 
triangle sub-diagram is the sum of dynamical quark masses averaged over the product of the three quark propagator 
denominators weighted by the square of momenta characteristic for triangle graphs. This vertex is not a constant, but 
necessarily run with the external momenta being softer for a large momenta due to the ETC origin of quark masses 
p.8[) . The external momenta of triangle graph become an internal/integration variable of the left and the right loop 
of the fountain digram. Clearly one cannot state only one value at one scale for such vertex, instead of this is the " all 
scale" momentum behavior which should be seriously taken into account. Happily, this is the "infrared value" which 
is important for the part of fountains, which remains finite, while this is the large momentum behavior of triangle 
subgraph, which drives the value of the part of the fountain which would lead to UV divergence in unregularized 
fountain otherwise. Later, in accordance with the discussion of preceding section, is the subject of regularization at 
the Technicolor scale. 

In expressions (|4.8I) and (|4.7j) the loop momenta k\ and k 2 correspond with the momenta of the left and the right 
lepton lines respectively. Further approximation is based on the observation that this is the large value of the product 
of lepton momenta k\.k 2 (when compared to mf), which makes the value of the fountains large. Thus for a rough 
estimate of the most important contribution one can consider large (fci + k 2 ) 2 limit only, which allows exceptionally 
elegant and simple approximation. The appropriate expression for large Q 2 = {k\ + k 2 ) 2 ~ 2k\.k 2 is derived in the 
Appendix A. 

As a first let us consider the term proportional to l 2 ki.k2 which appears in the first line of Eq. (|4.9p . For this case 
the effective three scalars vertex is given by the by the expression Ai(Q; u, d, d) of Appendix A. The total result reads 

1 A 2 f , A 2 (l -x)x + A 2 x ml , 2 / A 2 / A 2 ^ , 

7 ttztt -(-1)L 2 I eteiln-— ^ n tt r H n, ^„ L 2 In ^ + , M (4.11) 

(16vr 2 ) 3 2M 2V ' J A 2 (l - x)x + m 2 x + m 2 (l - x) 4Af 2 (167r 2 ) 3 ^4m 2 y 4m 2 J V ' 

where L 2 = 1.172 corresponds with the numerical value of two loop diagram at zero external momenta, 

L 2 ~ J d 4 l J d 4 kG(l)G(l + k)G(k)j^.. (4.12) 

Relatively straightforward estimate for the first line term in Eq. (|4.9p term, which is proportional to — {k\.k 2 ) 2 
reads 

-1 A 2 A / A 2 / A2~\ 

DiuM^A-^M? = m , fA , + M , 1»» B l" 2 (jSJ + f + J^j (4-13) 

valid in large Q limit and where we also put (k% + k 2 ) 2 — A 2 , which factorized the rest of the integrand to two separable 
log divergent loops with one heavy scalar at internal line. It leads to factor In 2 with Pauli-Villars regulator A . 
This result is obviously valid only when A >> M >> m q> i. For A ~ M using Pauli Villars regularization becomes 
unjustified and we rather take (ki.k 2 ) 2 / '(k\ + k 2 ) 2 — A 2 /4. In this case we can approximately write 




J D(wdd)m tl (-)(fc 1 .fc 2 ) 2 = ln z _ + Jl + _ (4.14) 



A 

valid for ~ 1. 

Using similar formula the same can be repeated for the remaining terms in the relation (|4.9p . collecting them 
together one arrives to the form for 8m, which has been finally used for the numerical evaluation of electron mass. 
Repeating the same for the muon and tau neutrinos one obtain the analogous formulas, where one need just to replace 
the appropriate family entries. 

In order to get some first numerical intuition we take A = ITeV as a tentative example. This requires to tune 
Yukawa coupling in order to have mass sum of the active neutrinos smaller then cosmological constrain 0.5 MeV. 
Thus within y = 1/400, top quark mass m t (A) = 150GeV, m b (A) = AGeV,m c (A) = lGeV, m s (A) = lOOMeV , we get 
5m Ve — 1.75* lQ~ 5 eV , Sm V)l = O.QISeV , 8m Vr = O.lAeV . In the next section we will see that for correct agreement 
with the charged leptons one will need to take the scale A significantly larger and Yukawa coupling slightly weaker. 
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V. CHARGE LEPTON MASS GENERATION 



The radiative corrections are responsible for mass generation of the charged leptons as well. However, as the 
leptons are down components of the electroweak izodoublet, the largest contribution is due to the interaction with 
the neutral gauge bosons. Electroweak symmetry breaking gives rise the quark triangle graph, which when jointed 
to the lepton lines gives rise the fountain with one heavy particle and two Z a or 7 vector lines presented in. This 
effect is dramatically enhanced due to the longitudinal pieces of Z boson propagators. In fact, this is almost entirely 
fountain diagram with two Z's bosons which is responsible for the main contributions to charge lepton masses at 
Technicolor scale. To this point, we have evaluated tau fountain diagram with two photons numerically (using large 
ki.k2 approximation), which for reasonable large Technicolor scales gives the portion which is 10~ 7 times smaller 
then the contribution from the fountain with two Z's. Actually, when regulated at A scale, then diagrams including 
photon internal lines are all negligible and we neglect them completely from now. 

The charged lepton masses are not negligibly small when compared to the quark masses at Technicolor scale. This 
makes a correct estimate more complicated in this case. Roughly pronounced, the selfenergy contribution from quark- 
lepton fountain diagrams to 5 m i give the current lepton masses at Technicolor scale. Remaining missing contribution 
to the observed value of lepton masses is re-induced from the lower orders perturbative graphs with nonzero current 
lepton mass 5 m i implemented in. Note trivially, mentioned graphs do not contribute in the chiral limit, i.e. when 
the Technicolor interaction is switched off, however, as we will show explicitly in the next, their contribution as a 
feedback on non-zero value 5 m i is relatively large. 

In principle, if we would be able to calculate behavior of quarks and SM gauge bosons Green's functions all over 
the Technicolor scale, then we could be able to obtain the " all scales" lepton dynamical mass function by the solution 
of selfconsistent nonperturbative quantum equations of motion: the Schwinger-Dyson equations. The system of 
Schwinger-Dyson equations is a useful tool in case when perturbation theory fails, e.g. in continuum QCD [40], and 
in other strong coupling models [3^, |44H44| . Missing knowledge of the details of Technicolor dynamics enforce as to 
use an approximation discussed in the Section II. Other details and approximations made we describe briefly bellow. 

The lepton mass is fully encoded in the lepton selfenergy function 

m;(p) = Tr£;(p) (5.1) 
where the selfenergy E satisfies exact Schwinger-Dyson equation, which can be formally written 

Si(p) = 5>i« / ^iSi(Or«iG,p)G i (/ - P )r yl , (5.2) 

ij 

where all Dirac as well as Lorentz indices are suppressed here for simplicity, l,i = e,fi,T and j stands for all bosons. 
Note, the higher loops are generated through the expansion of the full trilinear vertices Tiji(l,p) giving us skeleton 
expansion, while usual perturbative theory requires further reducible expansion of the full lepton propagators S and 
the full boson propagators G as well. Vertices Tiji(l,p) satisfy their own Schwinger-Dyson equations which functionally 
depend on lower and higher vertices as well. We will not solve the set of SDEs numerically, instead we solve the Eq. 
(|5.1[) semiperturbatively. 

For this purpose let us divide the function E into two pieces, the first, say E c let it be the contribution with no quarks 
involved and thus giving a trivial contribution in the lepton chiral limit, and the second term -say 5mi- is generated 
by the loops with dynamical quarks. Because of the weak couplings the first term can be nicely approximated by the 
sum of one and two loop diagrams 

Ec Ei/ 00 p -|- E2/00PS 

(5.3) 

while the lowest order contributing to Srrii is just the sum of fountains. 

Assuming the fountain diagram has only mild dependence on p 2 , it can be estimated by its infrared value 5m(0), 
i.e. the full E reads 

E I ( P )=<ymi(0) + S,, c ( P ). (5.4) 

Thus bellow the Technicolor scale it is equivalent to the SM like expression with nonzero "bare" mass 5m , where 
E;. c (p) is regularized at Technicolor scale. 

In this paper we estimate the charged lepton masses from the feedback of the one loop approximation Ei/ oop with 
the current lepton mass given by the fountain diagram with two Z' . From all three double Z fountains only one 
contributes in the infrared limit p ~ 0, according to our assumption we neglect two remaining for a while. 
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Furthermore, we assume a feedback response of E c is approximately linear, i.e. the following ratios 

Smi mi 
5mi> my 



(5.5) 



should hold for all generations. 

We use usual perturbation theory Feynman graph method to evaluate the all necessary fountain diagrams. The 
appropriate calculation is straightforward but tedious task and we do not show all intermediate steps in this paper. 
To evaluate fountain diagram we have used some well justified assumption e.g. we have neglected metric tensor part 
of the gauge boson propagators as the subdiagrams involving Z propagators are dominated by a a large value of the 
momenta due to the longitudinal pieces only. It allows further simplification, explicitly we have used 

(fci + fc 2 ) 2 +M 2 / 4(A| C + M 2 ) 1 ' ; 

where k\ and fc 2 are the four-momenta corresponding with the left and right semi-arc of Z boson lines. 
For our special choice Atc — M the final sum of the dominant contributions reads 

s "« = wb? (If ) 2 3?<«8 - V™, i. % , («) 



where 



1 1 2 

v d = + 7^ S w 

1 

a d = -- 

c w = mw/mz (5.8) 



and g = e/s w is SU(2) W gauge coupling, e = 0.302, s w — sinOw for which we take the value at M z = 9l.2GeV in 
MS scheme sf v = 0.231. The running of the Weinberg angle 9\v is ignored here. Remind for completeness Vd,ad are 
vector and axial vector couplings of Z boson to down type quarks (For upper quarks (and neutrinos) one has v u = a u 
causing that upper quarks loops do not contribute at all). 

It is notable that for our choice of the ratio Atc /M = 1 we get the following simple rules 



- md in [ ms 



Smp ni s \ mj, 



8m T m b \m d 

which are independent on Yukawa coupling and depend on the Technicolor scale only through the quark masses 
m q = m q (A). 

The one loop feedback response on emerging nonzero 5m reads 

^,i = £,S mi (al-v 2 d )(^-) 2 ■ (5.10) 

If the model is reliable, then fitting our universal Yukawa coupling and Technicolor scale through the relation (|5.4[) 
one should reproduce three masses of the charged lepton known in the nature. To avoid large QCD uncertainties we 
use the third generation for purpose of our fit. Furthermore, the obtained two parameters, when used to evaluate 
neutrino masses should leave the neutrino mass sum under the known cosmological constrain. 

To fit the lepton masses one should know the quark masses at A, i.e. at the scale where assumed Technicolor 
interaction becomes important. We disregard unknown renormalization group effects here and we use the masses 
slightly smaller then their renormalized values at the electroweak scale M z . For this purpose we used to&,a = 2.5GeV, 
recalling here m b (M z ) = 2.87 ± O.QSGeV and we take m t;A = 150Gey recalling here m t (M z ) = 172 ± 3GeV. Within 
the Yukawa coupling value y — 0.042(y 2 = 1/550) and the scale Atc — l5TeV, herein identical with the masses of 
all fundamental private SU(2) spinless bosons, we get for the third generation of the leptons the following values: 



m T = (0.19 + \M)GeV = \.2bGeV ; 5m Vr = 0.42eV r , 



(5.11) 
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where the first number corresponds with the contribution from the fountain diagram alone, i.e. S m and the second 
value corresponds with the one loop response with single Z boson line. 

Taking the mass values of the first generation quarks as following m u ,\ TC = 0.4; nid,A TC = 0.5MeV, we get almost 
our world electron and reasonably light electron neutrino 

m e = (73 + 42l)keV = AMkeV ; Sm Ve = 1.1 * 10~ 5 eV (5.12) 

Within the second generation parameters m c ^ TC = 0.5GeV, m s ^ TC — 50MeV we get for the second generation 

to m = (5 + 31)MeV = 36MeV ; 5m u „ = 5.6 * 10~ 3 eV. (5.13) 

VI. CONCLUSION AND DISCUSSION 

We have proposed the model in which the lepton mass hierarchy is largely dictated by the quark mass hierarchy. In 
order too generate small neutrino masses we have avoided the introduction of popular seesaw mechanism which ussualy 
requires large Majorana mass term for the right handed neutrinos. The all fermion masses have origin in quantum 
loops, the lepton masses are generated due to the 3 loops radiative correction with massive quarks triangle diagram 
included, while quark masses are due to the Technicolor dynamics. While the details of Technicolor mechanism was 
not a core of presented paper, we have utilized general properties of its dynamics, e.q. this is a Technicolor scale 
which regulates Greens functions which emerge due to the dynamical elcctroweak breaking. Thus not only the quark 
masses serve as input for our calculation but this is mainly the longitudinal polarization of electroweak gauge bosons 
which is responsible for the right ratio of the neutrino and charged lepton mass. 

As a consequence of the Technicolor origin of the quark and gauge boson masses, also the lepton masses are finite 
as the loop diagrams are. With the one universal Yukawa coupling we were calculating all neutrino and charged 
lepton masses. Using our gross approximations and ad hoc assumption M — A, the calculated masses reasonably 
agree with the experimentally known values. Our universal Yukawa coupling is surprisingly small y 2 = 1/400 — 1/600, 
while the Technicolor scale has been found relatively large A ~ 15TeV. This two numerical parameters are sufficient, 
together with the values of quark masses, for obtaining of the all lepton masses. The numerical success of the model 
is surprising and makes the model tentative for a future less approximative studies. 

The mixing is not yet incorporated, however the model already now prefers normal neutrino hierarchy. Clearly two 
much lighter states vi and i>2 could be preferably mixed from electron and muon neutrino, the heaviest neutrino mass 
eigenstate could receive a large part of v T . Imposing a discrete symmetry on an (not to much) extended model here, 
one could incorporate neutrino mixing as well (for review of such possibilities see [46|). 

We take all SU(2) scalars as heavy as Atc for simplicity. They do not condense at tree level and we do not 
introduce any negative mass terms to trigger electroweak symmetry breaking. They are also heavy enough to avoid 
constrains due to the electroweak oblique corrections S 1 , T, U and they are heavy enough to be detected in the recent 
or recently planned experiments at LHC and ILC. Recall that LHC negative searches constrain the masses of charged 
boson > 600GeV, therefore it is an interesting question whether it is possible to lower the mass, or split assumed 
degeneracy in a way to make them directly visible in experiment. 

The evaluation of charged lepton masses is plagued by some inaccuracy, however it is notable that the result is quite 
stable against changes in Sm. Indeed taking for instance the current mass twice as large, one gets the same lepton 
masses with the Technicolor scale lowered about 20% only. We did not consider a possible momentum flow in the 
fountain diagrams and we omitted diagrams in Fig.reffig3 since they do not contributes at zero momenta. While a 
more accurate calculation remains to be done, let us assume for a while that each omitted diagram contributes by the 
same amount as the diagram already considered. The stability ensures the physics does not change too much, which 
reduces the Technicolor scale to the value A = 12TeV, while keeping the masses of the all leptons almost unchanged 
(even keeping the same Yukawa). 

We have neglected an assumed small contributions. The examples are purely QED selfenergy corrections. They 
should be small if the regularization mimic reasonably unknown Green's function behavior. This is generally true 
in vectorlike asymptotic free gauge theory which posses dynamical chiral symmetry breaking. However, due to a bit 
complicated chiral symmetry breaking mechanism here, and one has to actually prove that dynamical lepton mass 
function decreases fast enough above Technicolor scale. This remains to be done. 

After a possible improvement [45[ of the method and discrimination of the signal background stemming such as 
Zq — »• t, t the LHC 126 scalar decay rate to t + t~ can be measured with reasonable accuracy. Observed 126 GeV 
Higgs is assumed to be a technisigma in our model, i.e. the lightest bound state made from the Techniquarks. 
Such Technisigma interacts with leptons quite indirectly and it is mediated through the radiative corrections. These 
corrections has similar origin as the lepton masses itself, thus very naturally one can expect the decay rates to leptons 
can be SM-like, however it can be distinguished quantitatively. Thus the LHC 126 scalar decay rate to t + t~ can 
potentially distinguish between SM Higgs and other scenaria like the one suggested in this paper. 



12 



Appendix A: Approximative formulas for triangle graphs 



This is the large overlap of the left and the right loop momenta in the fountain diagram which gives desired vast 
amount of neutrino mass ,here we derive a simple expression valid for quark triangle graphs in the large momentum 
limit. Let us denote various external momenta of the triangle, k\ and k 2 and k\ + k2 in a way that when the triangle 
is matched into the fountain the momentum ki + k 2 belongs to the middle narrow heavy boson line. In the all cases, 
the important of quantity which gives is important for the size chiral breaking generated radiatively is the product 
of virtual momenta k\.k 2 , corresponding thus to the large momentum limit Q 2 — [ki + k 2 ) 2 ~ A 2 >> m q of the 
quark triangle subdiagram. For simplicity we take all quark masses equal here, noting the approximation we make 
for different flavour at the end. The evaluation is straightforward and proceeds usual way, i.e. textbook Feynman 
parameterization, Wick rotation and Euclidean momentum integration. For completeness we write down some of 
intermediate steps for each momentum integral separately. 

The dominant integral in the quark triangle graph is the following 

f d%_ (-l)m g J 2 

1 W5 hjJ >- t J (2tt) 4 {I 2 - m qi + ie)((l + k 2 ) 2 - m» + ie){{l - h) 2 - m 2 + ie) ' [ ' 

where we included the numerator quark mass in order to indicate where the regularization originates. Using A as a 
suitable cut-off we get 

. . ,. n . . (— m a ) f 1 , , (ki + k 2 ) 2 x(l — x) + A 2 . , . 

A 1 (Q;,, J ,/) = - m 2 ^A (Q;,, J ,/) + i I ^ j / dx ln - - ^ jL 1 _ J _ _ (i _ _ , (A2 ) 

where i,j,l are flavour indices. Important prefactor quark mass m is written here, telling us explicitly hat the 
regularization at the Technicolor scale A is introduced. 

The function Ao is finite and at this stage it does not need any regularization as it corresponds with the the 
following scalar momentum integral 



MQ) 



d 4 h (-1) 



(2tt) 4 (I 2 -m q + ie)((l + k 2 ) 2 - m 2 + ie)((l - ki) 2 - m 2 + ie) 
^ dy f dx- 



(4tt) 2 J J -k 2 y(l-y)~k 2 x(l-x)-2k 1 .k 2 x(l-y)+m 2 
I /•! rv _! 



(47r) 2 7 dy J dx \ kl +k 2 ) 2 x(l-y)-m 2 



-1 



l In 1 



/, _ fei+fe 2 ) 2 2:(l-z)\ 

V ™% ) 



(4n) 2 J Q dZ (k 1+ k 2 ) 2 z (A3) 

where we have considered all the quark lines belong to the same flavour. For spacelike momentum Q = Hex + 
Q 2 > one can integrate over the variable z, giving as simple expression 

A (Q) = Q2 ^ 2 &rcsinh 2 (Q/2m) (A4) 



or equivalcntly 



a °<«=2TO i ° 2 (?! +(i+ i| , " j i <A5) 



If the triangle is connected with the lepton line via an exchange of electrically charged boson, then the masses of 
entering quarks arc different. In this case the resulting formula slightly complicates. However, numerically it appears 
quite adequate to replace the threshold of identical quarks 4rn 2 in Eq. (|A3[) by the sum of the quark masses entering 
the vertex , i.e. by t 2 — (m q i + rn q j) 2 where quark lines i and j connect the vertex with the external momentum 
ki + k 2 . Thus the approximative formula reads 

A (Q) = Q2 ^ )2 ^csinh 2 {Q/t) (A6) 
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where t = m u + m c i, when calculating electron neutrino mass, and t ~ m c and t ~ rat for another two possible 
combinations of inequivalent flavour combinations contributing in the cases of muon and tau neutrinos. 
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